Industrial components in gas turbine engines, fluidized bed combustors and catalytic converters are often subject to the conjoint effect of erosion and high temperature oxidation processes. Adequate characterization of high temperature erosion-oxidation behavior of materials involves the reproduction of process conditions such as temperature, impacting particle parameters such as size, shape, hardness, velocity, impact angle and mechanical as well as physical properties of the target material. An apparatus to conduct high temperature erosion-oxidation studies up to 850ºC and with particle impact velocities of up to 15 m.s -1 was designed and constructed in the Corrosion Laboratories of IPEN. The erosion-oxidation behavior of high velocity oxy fuel (HVOF) sprayed alloy and cermet coatings of Ni20Cr, WC-20Cr7Ni and Cr 3 C 2 -Ni20Cr on a steel substrate has been studied. Details of this apparatus and the erosion-oxidation behavior of these coatings are presented and discussed.
Introduction
The erosion behavior of metallic materials and ceramics at room temperature has been extensively studied [1] [2] [3] [4] . Nevertheless, a number of questions regarding correlations between erosion properties and physical parameters of the material remain unanswered. A vast amount of information is available about the oxidation behavior of various metals and alloys at high temperatures 5 . However, only limited information is available about the conjoint effect of erosion and oxidation at high temperatures. The results of some of the erosion-oxidation studies demonstrate that synergy is observed between erosion and oxidation. This indicates that the degradation caused by erosion-oxidation can be greater than the sum of the processes operating separately [6] [7] [8] [9] [10] . It has also been mentioned that in some cases the formation of a corrosion product can inhibit erosion 11 ; i.e. the wastage rate under erosion-oxidation conditions can be less than in the absence of oxidation. These contrary observations have generated, in recent years, much attention about erosion-oxidation processes.
Erosion-oxidation interactions were first described in terms of regimes by Hogmark et Fewer transformations take place in coatings applied by the HVOF process. The lower flame temperature (3000ºC), and higher particle velocity (~1700 m.s were made in the temperature range 500-850ºC, using alumina particles at an impact angle of 90º and at impact velocity of 3.5 m.s -1 .
Materials and Methods

The erosion-oxidation apparatus
A schematic diagram of the erosion-oxidation apparatus is shown in figure 1 .
Insert figure 1.
This apparatus consists of a fluidized bed of erodent particles through which a specimen assembly enters and leaves at periodic intervals. The fluidized bed is within a furnace and the particle impact velocity is controlled by a motor that rotates the specimen assembly. The fluidized bed of particles is obtained by pumping pre-heated air or oxygen through a porous plate supporting a bed of erodent particles. This porous plate was also designed in IPEN and prepared using conventional powder metallurgical techniques. The plate was made of AISI 310L, and alloy selection was dictated by high temperature oxidation resistance.
Alumina powder (AL-R grade 80, supplied by Elfusa Geral de Eletrofusão Ltd.) was used as the erodent, mainly because of its chemical inertness and stability below its melting point (2050°C). Other desirable properties of alumina for use as an erodent are its high hardness (1710 HV), Young's modulus (400 GN.m -2 ), fracture toughness (344-740 MPa), compression strength (2758 MPa). After granulometric separation, the alumina particle size range was defined, being 212-150 µm (Fig.2 ).
Insert figure 2
Coatings obtained by the HVOF process
The HVOF equipment at the firm Cascadura S/A, in Sorocaba, was used. Three different Tafa powders with compositions corresponding to Ni20Cr, Cr 3 C 2 25(Ni20Cr), WC 20Cr7Ni, were Coated AISI 310 sheets (20x50 mm) were used as erosion-oxidation test specimens. These specimens were cleaned, degreased ultrasonically in acetone and fixed to the support rods with AISI 310 screws. The erosion-oxidation tests were carried out in the apparatus and the following conditions were used: temperature (500-850ºC), alumina particle impact velocity 3m.s -1 ) and impact angle (90º). Tests were also carried out at 100ºC to evaluate erosion behavior in the absence of oxidation. After the tests, the specimens were again examined in a scanning electron microscope and the surface reaction products were analyzed by both energy dispersive spectroscopy and x-ray diffraction analysis.
Insert figures 3-11.
Results and Discussion
The erosion-oxidation behavior of the three HVOF coatings is shown as wastage as a function of temperature in fig. 12 . The wastage, in mg.mm -2 , was determined at particle impact velocity of 3.5 m.s -1 . The three coatings did not exhibit any change in erosion-oxidation behavior at temperatures up to 500-600ºC, compared to at 100ºC. However at higher temperatures, wastage increases with temperature, reaching a maximum at 700ºC and then decreasing with further increase in temperature up to 800ºC. Above 800ºC, wastage increases again. This erosion-oxidation behavior is considered to be due to the formation of a NiCr 2 O 4 20 type spinel layer. This layer increases the ductility of the matrix (NiCr) and consequently, increases the erosion-oxidation resistance. At particle impact velocity of 3.5 m.s -1 , no significant differences in wastage between the Ni20Cr alloy coating and that of the cermet, 
